The theory on the adoption and use of information technology (IT) in small and medium enterprises (SMEs) is abundant. However, methodologically speaking, action-research (AR) has been little explored as a method of construction of this theory, despite the use of this methodology could improve understanding of how SMEs use IT. Therefore, we researched the use of IT in SMEs using a methodology adapted from AR. The methodology was tested in companies from New Zealand, Colombia and Chile. The use of this methodology was well evaluated by the top management of SMEs, in fact, the recommendations coming from the analysis were well received by the management of participants. These results are auspicious regarding the use of AR in SMEs and could help encourage other researchers to use this methodology, which remains little used in information systems research.
Introduction
Various tools and solutions to help organizations to maximize the use of IT have been given from the academic and professional world. But these tools have limitations in the context of SMEs. On the one hand, the proposed instruments provide little information about the problems and their causes within an organization (Ciborra, 1997) . On the other hand, these instruments have been designed mostly for large companies. Indeed, in the literature there is a strong bias towards this kind of firms (Burgess, 2002) . So, it is needed more researching that helps to solve the real IT problems that SMEs have.
Action-research (AR) is a methodology that allows the researcher to build theory, while simultaneously assisting the organization to solve its real problems. Kaplan (1998) used AR to create the well-known activity-based costing and balanced scorecard (BSC). Because of its advantages, we investigated the effective use of IT in SMEs using AR. Consequently, this research had two objectives: (a) researching the IT problems that affect SMEs, and (b) contributing to information systems research by applying a little explored methodological paradigm. The methodology was applied to a total of nine companies: four from New Zealand, three from Colombia and two from Chile. The companies' size varied between three and 20 employees.
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The remainder of this article summarizes the preliminary results of this research and is divided in four sections. Section two summarizes the theoretical background and presents the questions that we decided to study using AR. Section three explains the main aspects of AR. Section four briefly describes how the methodology was developed following the principles of AR and the most relevant results obtained, and section five presents and discusses our conclusions.
Theoretical Background
Despite the significant technological and economic differences between countries, it can be argued that SMEs have some common problems (Alarcón et al., 2002 , Arellano et al., 1991 , Montazemi, 2006 , Sharma et al., 2006 . In general, it can be mentioned three factors that affect the effective use of IT in the enterprise: (a) limited IT skills and resources (Levy et al., 2005) , (b) lack of a strategic plan or an incomplete execution of it (Blili et al., 1993 , Levy et al., 2000 , Burgess, 2002 , Chan et al., 2007 and (c) the emphasis on the operation (Cragg et al., 2007 , Montazemi, 2006 .
One of the characteristics of SMEs is the shortage of resources, particularly IT. For instance, Montazemi (2006) claimed that SMEs in the U.S. and Canada had a centralized structure, preferring to recruit generalist rather than specialist staff. Furthermore, he concluded that SMEs had few resources to invest, particularly in IT, leaving little capacity to absorb the costs of a bad investment in technology. Obviously, the lack of IT mean that systems purchased are not best suited to the needs of the enterprise or that they are not used optimally. In fact, Levy et al (2005) concluded that the lack of specific knowledge affects the use of IT in SMEs.
Another aspect that affects the proper use of IT is the absence of a strategy. Several authors have shown that SMEs do not have a defined strategy or execution. For example, Blili et al (1993) differentiated SMEs of large companies in five dimensions, one of them was its organizational informality. More recently, other authors have argued that SMEs don't have formal planning and control methodology (Levy et al., 2000 , Boehme et al., 2007 , Burgess, 2002 . The absence of a strategy affects the alignment of IT; Chan et al (2007) for example, stated that IT alignment is not possible if the business strategy isn't known or it is underway. The authors concluded that companies structurally more sophisticated tend to use more complex systems and achieve better performance.
The emphasis on the operation affects the optimal use of IT in SMEs. According to Levy et al (2005) , orientation to operational aspects made managers focused on deliveries at the expense of systems that help to manage the business. On the other hand, Cragg et al. (2007) concluded that SMEs tend to be more aligned to the operational level than to the strategic one. Finally, Montazemi (2006) concluded that the emphasis on operation, limited technical skills of the staff and restricted resources meant that, cause these companies were less willing to invest in IT.
In SMEs, these problems affect the use of IT in two ways. First, they have an incomplete portfolio of computer applications, in other words, some necessities of the enterprise could be solved with a specific application but it is not among those already exists in the company. For example, we saw often that some managers liked having a system to monitor the performance of the organization, for example a BSC. There are several good BSC systems on the market, but they still have not purchased anyone.
Second, another problem for SMEs is the inefficient use of IT because some needs of the enterprise could be solved using systems already existing, by increasing their current use. This situation is common into SMEs and it is reported in the literature. For example, Sharma and Bhagwat (2006) concluded "With insufficient managerial and technical skills, and the lack of funds to acquire such skills, smaller organizations often implement IS in a less than optimal way." More empirically, many small organizations have systems that are not operated at a maximum level, implicitly producing losses and inefficiencies.
As consequence, we explored two questions regard to the problems of IT into SMEs: Q1: Does SME have incomplete portfolio of computer applications? Q2: Does SME have systems used inefficiently?
The answer to the first question (Q1) would help us find out what new systems are necessary in SMEs and the answer to the second question (Q2) would help us find out problems with the inefficient usage of existing IT.
The Action-Research Methodology
Action research is a methodology where the researchers and participants work together to diagnose a problem and develop a solution. The process of collaboration brings mutual benefits for the researcher and the organization. On the one hand, the organization gets a solution to a problem that has, while on the other hand the researcher gets to increase the body of existing knowledge about the studied phenomena (Kock et al., 1997) .
There is no a single definition of what action research is, but some basic elements seem to arise from different authors. Bryman et al (2007) , for example, show that in action research the research implicates real problems within the organization; also it involves an iterative process of problem identification, planning, action and evaluation; moreover, action research leads to the re-education or changing patterns of action; and finally, it seeks to contribute to both academic theory and practicable action (Collis et al., 2003) . Kemmis et al (2005) conceived AR as a spiral of activities: planning; action and observation; reflection; review and planning; and then start a new cycle (Figure 1 ).
Particularly in information systems research, action research presents opportunities that could help to improve the practice and theory, increasing knowledge about the discipline (Baskerville et al., 2004) . For example, a research based on action research fits very well to understand the process of adoption of software in business. However, in the case of information systems research, there have been several calls to use action research to a greater amount (Baskerville et al., 2004 , Avison et al., 1999 , DeLuca et al., 2007 .
Methodology Applied in this Research
AR comes from a robust scientific background. The research model applied in this research was based on the general model shown in Figure 1 , where each company was transformed through a cycle of AR.
We used a case study approach to collect the data. At the end of each cycle, when it was needed, new improvements to the AR investigation methodology were included until a saturation point was achieved. The saturation point is a stage of a qualitative research where new cases do not provide any more information (Bryman et al., 2007) . The saturation point was achieved after the fourth case. One day was the minimum time spent in each company in applying the AR methodology. Following recommendations of several authors (Bryman et al., 2007 , Checkland et al., 2007 , DeLuca et al., 2007 , Greenwood et al., 2007 , three ways were used to validate the methodology: collection of different type of data, multiples observers and participant validation. Data were collected from: semistructured interviews to key informants, work-observation, rich-pictures, archival, questionnaires and webpage analysis. Additionally, two members of the team interviewed each participant. At least, two key informants were interviewed: the ownermanager and a key worker selected by him/her. Sometimes a third key informant was interviewed as well.
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At the end of each visit, the research team presented its findings and recommendations to the participants. Then, the participants were asked to evaluate these conclusions. Validation by participants has been suggested as an appropriate form of validity in qualitative research (Bryman et al., 2007 , Yoong et al., 2007 , Bryman, 1988 . Figure 2 shows the activities performed in each company by the researchers.
The remainder of this section is divided in two sub-sections. The first subsection informs about the main discovering of this research. The second subsection presents the results of the participant validation.
Results
During the research, nine companies were analyzed. The companies were from New Zealand, Colombia and Chile. These companies and countries were selected due to the implementation of a major research project. On one hand, New Zealand companies belonged to an industrial cluster, while Colombia and Chile firms were selected through personal contacts of one of the authors. Table 1 summarizes the background of case firms (due to confidentiality agreements, companies' identity are not disclosure).
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Fig 2. Activities Performed by Researchers in Each Company
The findings showed that all cases presented evidence supporting that SMEs have two type of IT problems: incomplete portfolio of applications (Q1) and inefficient use of IT (Q2). Table 2 counts the number of problems detected classified according to Q1 and Q2.
The table shows that all cases presented evidence supporting both questions. However, two different sort of inefficiency were found: organizations that underutilize existing system and organizations that use more than one system to manage one single kind of data. New Zealand (case 1-4) businesses had a more complete portfolio of IT applications, but at the same time were those that showed a greater number of inefficient uses of IT.
Possibly an explanation for this advantage of New Zealand companies over Latin-American and New Zealand businesses would be the hiring of external IT consultants.
In addition, two clusters of companies appeared when the most often IT problems were identified and classified. The first was the group of companies that had mainly very basic IT deficiencies, e.g., lack of data backup. A second cluster was constituted of companies that had mainly problems with more advanced systems, e.g., document management system. Latin-American businesses (case 4-9) were in the first group and New Zealand companies in the second one. Also, an unexpected finding emerged from the research. Common issues of IT usage were discovered among the companies despite the diversity of cases.
Participants' Validation
As it was explained previously, a feedback from participants at the end of each session was included. Each answered three questions:
• "Using a scale of 1 to 10, how useful We previously defined that to get the saturation point, the feedback should achieve the maximum evaluation points (i.e. 10) in a sequence of cases. Otherwise new improvements should be made to the procedure depicted on Figure 2 . Figure 3 shows the evolution of the score for each case. After the fourth case, all participants validated our conclusions at 100% of certainty. 
Conclusions
This research confirmed that AR is a useful framework for system researchers. This methodology remains little explored in the field of information systems (Baskerville et al., 2004 , Avison et al., 1999 , DeLuca et al., 2007 . Although a limitation of this study was that researchers could not get more involved in cases, this research is a contribution to the advancement of AR, and it is hoped that other researchers will be encouraged to use this type of methodology. This research met the four criteria proposed by Figueiredo et al (2007) Figure 2 as a methodological framework to identify the IT problems in a SME.
